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ABSTRACT
The majority of animal species are parasites, and free-living animals almost certainly harbor at least one host- specific
parasite species. This study surveyed the intestinal parasites in a Costa Rican population of white-nosed coatis (Nasua
narica). Scat was collected and analyzed under a compound microscope using the direct smear technique, and parasite
morphospecies were counted and identified. All samples contained endoparasites, the most abundant of which were
nematodes. They were present in 95% of the samples and included the genera Enterobius, Strongyloides, and
Dorylaimus, Physaloptera, Diphyllobothrium latum, and a ciliate- possibly Bresslaua vorax, were also observed.
Members of this tropical population of N. narica are host to similar phyla and genera of intestinal parasites as
individuals in temperate populations, but differ by species.

RESUMEN
La mayoría de los especies de animales son parásitos, y los animales que viven libres por certidumbre encubren a
menos de un especie de parásito específico a un anfitrión. Este investigación examinó los parásitos intestinales en un
población de pizotes (Nasua narica). Su excremento fue colectado, analizado bajo de un microscopio compuesto,
utilizando la técnica de embarradura directa y los morpho-especies fueron contados e identificados. Todos las muestras
tuvieron parásitos interiores, lo más abundante de que fueron lombrices, presente en noventa y cinco por ciento de las
muestras, y incluyeron Enterobius, Strongyloides, y Dorylaimus. Physaloptera, un ciliate- quizás Bresslaua vorax, y
Diphyllobothrium latum fue observado, también. Miembros de este población de pizotes contienen grupos similares de
los parásitos intestinales en individuos de la zona temperlada, pero son diferentes especies.

INTRODUCTION
Parasitism in general refers to an interaction between two organisms that benefits one and is
detrimental to the other. According to Arneberg, et al. (1998), "the majority of animal species are
parasites and free-living animals almost certainly harbor at least one host-specific parasite
species." Parasites are opportunistic and can quickly increase in number and overwhelm a host
(Lozano 1998). Parasitism can be either external or internal to the host's body. Endoparasites,
which live within the host's body, include protozoans, digeneans, cestodes, nematodes, and
acanthocephalans (Bush, et al. 2002). There are two categories of parasitic life cycles: direct and
indirect transmission. Direct transmission is when the parasites are able to grow and reproduce
in the same host species, reinfecting the original host and infecting nearby conspecifics. Those
with indirect life cycles require an intermediate host species for completion of their life stages
and the initial infection of, or transmission to, the definitive host. Pathogenicity to the host is a
disadvantage to the parasite, so long-standing parasites have evolved to have less harmful effects
on the host and recently acquired ones are productive of harmful or fatal diseases (Ball 1943).
In endoparasitism, the host species is the parasite's habitat, and the host employs defense
mechanisms to regulate the parasite. For example, animals have displayed diet selection and
behaviors as a form of self-medication to stave off or reduce parasitism (Lozano 1998). N.
narica have been observed coating themselves in resin of Trattinnickia aspera as antiparasitic
behavior to stave off ectoparasites (Lozano 1998). One type of parasite commonly found in
animals is tapeworms, which are acquired indirectly by ingesting an invertebrate or mammalian
intermediate host. Other common indirect life-cycle endoparasites are the nematodes. The
phylum Nematoda includes non-segmented roundworms with a body cavity, complete

alimentary tract, nervous system, excretory system, trilayered outer cuticle, and a set of
longitudinal muscles for side-to-side body movements (Poinar 1991). Within a host, the adults
reproduce sexually or via parthenogenesis to yield young in eggs, which will hatch and then
undergo four molts (Poinar 1991). In mammalian hosts, nematodes are located inside or outside
of the gastrointestinal tract, and their abundance and richness has shown to increase as host body
size or host population density increases (Arnetberg, et al. 1998, Poulin 1995). Commoner
parasitic nematode species are smaller, have simpler life cycles, and tend to be located within the
gastrointestinal tract (Arneberg et al. 1998). Strongyloides are parasitic roundworms commonly
found in animal digestive tracts and have a direct life cycle. Their pathogenicity is related to
their abundance; relatively few will not cause problems in larger animals (Rundquist 1995).
Some Strongyloides are thought to aid the host by digesting rough plant material (Rundquist
1995).
The white-nosed coati, Nasua narica, of the family Procyonidae, is a common mammal
in Costa Rica, and is found in a range of habitats from the southwestern United States to
northwestern Colombia (Kaufmann 1983). It is characterized by short ears, narrow rostrum,
mobile snout, a pale brown to reddish colored coat, and yellow and brown alternate-banded tail
(Esenberg 1989). This diurnal mammal is highly social, with bands of several females and
young foraging together, accompanied by males only during breeding season (Eisenberg 1989).
They spend 90% of their daylight hours foraging for food terrestrially and arboreally. Their diet
consists of fruit, vertebrates, and soil arthropods, particularly spiders, millipedes, ants, and snails
(Kaufmann 1983, Russel 1985).
These mammals are affected by both ecto- and endoparasites. Temperate individuals in
past studies contained the tapeworm Dibothriocephalus latum, many mesocestoidea cestodes,
and the nematode Physaloptera rara (Van Alstine et al. 1974; Neal 1960.) However, no
published research could be found concerning endoparasites of N. narica outside of temperate
(specifically North American) populations. The aim of this project is to investigate the intestinal
parasite load of N. narica in a tropical population, and further it is hypothesized that they will
contain tapeworms and nematodes.

MATERIALS AND METHODS
Between April 10 and May 10, 2003, twenty Nasua narica scat samples were collected
between 800 and 1000 hrs. This time period marked the transition between the dry and wet
seasons. Scat was collected during the morning hours to avoid the detrimental desiccating
effects of sun exposure and/or the dissolution of the scat by the afternoon rains. Scats were
found in the Monteverde, Puntarenas, Costa Rica area near the Ecological Farm visitors' center
and near the compost pile at the Estación Biológica Monteverde (elevation 1,545m) (where
food scraps are put out daily). N. narica seem to excrete shortly after feeding, so scat piles
were often present in the vicinity of the food source. Fresh, moist scat was put in an individual,
sealed, plastic bag if it bore the characteristic size and seed-laden appearance of N. narica.
Samples were analyzed within an hour of collection for parasitic content using the direct smear
technique, as suggested by Klingenberg (1993) and Rundquist (1995). Three slides, an
arbitrarily chosen number, were smeared with a thin layer of fecal matter, followed by a drop of
deionized water and a coverslip. They were observed under a Leitz Dialux binocular
compound microscope scanning at 10X magnification over the area of the coverslip. The
observations were all done in a pattern of five evenly spaced parallel lines over the coverslip.
Potentially parasitic lifeforms within the viewing area were counted and photographed or drawn

at 40X magnification for identification purposes. Identification of morphospecies was attempted
at the end of data collection using morphological characteristics and their similarity to photos in
literature. A Shannon-Weiner index was then performed to determine the index of diversity
among the samples.

RESULTS
Parasites were found in all of the scats sampled. A total of 741 parasitic individuals were
recorded from twenty scats. There was a large range in the number of parasites present on
sample slides, varying from one to 211 individuals (Figure 1). On average, there were 37
parasitic individuals per sample, with 55% of the samples being between 14 and 48 individuals.
The samples contained 17 morphospecies total (Figure 2). (Refer to appendix for photographs
and illustrations of morphospecies observed.) The most species-rich sample contained seven
morphospecies, the most species-poor contained only one, and on average 3.65morphospecies
per sample (Fig3). Morphospecies A and F were the most commonly abundant, being present in
90% and 85% of the samples respectively (Figure 2). Four morphospecies were only present in
once among all samples (Fig.2). As seen in Figure 4, which illustrates the distribution among
morphospecies, A and F were much more abundant than any other morphospecies found: The
distribution of individuals among morphospecies yielded a Shannon-Weiner diversity index of
H'=0.51547. There were 484 individuals of morphospecies A, in comparison to E, G, O, and P,
which were only found once, and all others which were present 14 or fewer times. The number
of new species found per sample start to level after sample four, showing that most of the species
found in the scats were found (Figure 5).

Identification
Morphospecies A may be a roundworm of the family Rhabditidae or a pinworm,
Enterobius (DPDx 2003). It was the most abundant parasite type, with 484 members; this
supports previous findings of nematodes being present in the intestinal tracts of Nasua narica
(Figure 4). The second most abundant (145 individuals), morphospecies F, which bears strong
morphological resemblance to Strongyloides larvae, also supports those previous findings.
Morphospecies I appears similar to the ova illustrated by Klingenber classified as Rhabdias,
Entomela, or Strongyloides ova. This suggests that rather than a separate morphospecies, I is a
juvenile form of type A or F. Morphospecies M is another type of nematode, but not featured in
available literature for identification. Morphospecies K bears the characteristic longitudinal
striations of the nematode Doryllaimus (Dorylamidae) (Poinar 1991). Morph L bears a wormlike shape, but with latitudinal ridges unlike any nematodes seen in literature, and appears more
similar to a tapeworm in appearance. Morphospecies N bears morphological resemblance to the
midsection of the tapeworm Physaloptera, as photographed by Klingenberg (1993), but was not
entire, making identification difficult. Morphospecies B, C, and E were unidentifiable with given
resources. Morph H may be a parasitic egg, but specific type unknown. Morphospecies 0 and P
structurally complex protozoa, but exact type unknown, and morphospecies Q, although specific
identification was not possible, is a type of nematode. Morphospecies J, a ciliate, is very similar
in appearance to the protozoan Bresslaua vorax found in fresh water (Taylor and Sanders 1991).
Morphospecies D looks similar to Diphyllobothrium latum, a parasite which affects human
health as well.

DISCUSSION
Tapeworms and nematodes are present in local Costa Rican Nasua narica populations, as
in temperate populations. The majority of parasitic individuals found were nematode worms,
and tapeworms were found in two samples. Physaloptera is a stomach (tape) worm that causes
inflammation and obstruction of the GI tract and has an indirect life cycle with ants (Klingenberg
1993). Although it is most commonly in ant eating lizards (Klingenber 1993), narica also feeds on
ants in the leaf litter. Other studies involving the intestinal parasites of N. narica have found
Phsyaloptera present as well (Neal 1960). As shown by Russel (1985), the foraging behavior of
N.narica changes by season; during the dry season, 60% of foraging time is spent under fruitbearing trees. However, during the rainy season, as insect abundance increases, 90% of foraging
time is spent in leaf litter (Russel 1985). The increased proportion of insects in the diet is also
increasing exposure to intermediate hosts and risk of parasites. Future studies could investigate
the abundance and richness of N. narica intestinal parasites at the end of the rainy season and
compare them with findings from dry season studies.
Previous papers regarding intestinal parasitism of N.narica both concerned temperate
individuals- and only one individual in each case. This study sampled from several members of
the local populations. The effects these intestinal fauna have on their hosts have not been
extensively studied. As written by Rundquist (1995), the sheer abundance of parasitic
individuals is the deciding factor in reduced host fitness. Samples three, ten, and seventeen had
outstandingly high parasite counts in comparison to the others (Figure 1). Three and ten
contained large numbers of morphospecies A, Enterlobius, while sample seventeen contained a
high proportion of morphospecies F, Strongyloides. An alternative explanation is that these
source individuals have lowered fitness due to a separate condition, such as pregnancy, illness,
etc., which is lowering their fitness/ natural defenses and increasing susceptibility to parasite
proliferation.
Some samples contained comparatively small numbers of parasites, this may be due to
the fact that segments of host populations are uncolonizable for mammalian nematodes (e.g.
infection is restricted to particular age groups, nonimmune hosts, or hosts in particular
geographic locations (Arneberg, et al. 1998). Another explanation for the wide range of
numbers of individuals is the theory that intraspecific-specific opponent competition may
prevent high intensities of large-bodied parasites if the amount of antigen increases with parasite
body size (Arneberg, et al 1998).
The populations studied in this investigation both live in close proximity to humans,
consuming their food waste and exposing themselves to the human disease reservoir. Future
studies could compare endoparasitism of N. narica natural populations (in undisturbed forest
interior) with those of human-fed populations. Results of past studies of the rodent Peromyscus
nudipes found that parasitic infections were twice as high on forest edge in comparison to the
forest interior inhabitants (Pedersen 1998). A related potential study topic would be to compare
N. narica populations in proximity to bodies of water with those strictly terrestrial, because the
gastrointestinal parasites of mammals have a greater parasitic richness in aquatic habitats than
their solely terrestrial counterparts (Poulin 1995).
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FIGURE 1. Number of parasitic individuals found per sample of N. narica scat. In Monteverde,
Puntarenas, Costa Rica.
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FIGURE 2. Parasitic morphospecies found in scats of N. narica and its percent of presence among
samples. Monteverde, Puntarenas, Costa Rica.
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FIGURE 3. Number of species of parasites present in scat samples of N. narica in Monteverde,
Puntarenas, Costa Rica.
_____________________________________________________________________________________________

_____________________________________________________________________________________________

FIGURE 4. Distribution of total individuals per morphospecies sampled. Note change in scale of yaxis to more clearly illustrate the lesser – represented morphospecies.
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FIGURE 5. Accumulative number of species found per sample in Nasua narica. Monteverde,
Puntarenas, Costa Rica.
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